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(54) POWER SUPPLY SYSTEM AND CONTROL METHOD THEREOF

(57) A power supply system comprising: power stor-
age device (1); a fuel cell (2) connecting to the power
storage device (1); an auxiliary machine (4) of the fuel
cell, the auxiliary machine (4) operating in a range cor-
responding to a voltage across the fuel cell (2); a voltage
converter (3) inserted along a first line between the fuel
cell (2) and the power storage device (1). The power sup-
ply system further comprising an auxiliary machine power
supplying device (5) inserted between the voltage con-
verter (3) and the power storage device (1), the power
supply device for the auxiliary machine (5) being config-
ured to supply power from at least one of the fuel cell (2)
and the power storage device (1) to the auxiliary machine
(4); and a switch (6) inserted along a second line different
from the first line between the fuel cell (2) and the auxiliary
machine (4), the switch (6) being configured to supply
power to the auxiliary machine (4).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a power supply
system configured to supply an auxiliary machine of a
fuel cell with power from a power storage device, and
relates to a control method of such a power supply sys-
tem.

BACKGROUND ART

[0002] WO2014/013606A discloses a system includ-
ing a first converter and a second converter as feeding
devices to supply an auxiliary machine of a fuel cell with
power, the first converter converting voltage across a
secondary battery and supplying the auxiliary machine
with power, the second converter boosting voltage
across a fuel cell and supplying the auxiliary machine
with power.

SUMMARY OF INVENTION

[0003] Such a system supplies the auxiliary machine
with power via the first converter at the time of starting-
up of the fuel cell and supplies the auxiliary machine with
power via the second converter after the starting-up. This
means that power-supplying to the auxiliary machine
generates power loss due to voltage conversion at the
first converter and the second converter. This power loss
wastes the fuel for the fuel cell, and so leads to a problem
of degrading the fuel consumption in the vehicle.
[0004] Focusing attention on such a problem, the
present invention aims to provide a power supply system
capable of keeping the fuel consumption in the vehicle
while reliably starting up the fuel cell as well and provide
a control method for such a power supply system.
[0005] According to one of the embodiments of a power
supply system has a power storage device; a fuel cell
connecting to the power storage device; an auxiliary ma-
chine of the fuel cell, the auxiliary machine operating in
a range corresponding to a voltage across the fuel cell;
and a voltage converter inserted along a first line between
the fuel cell and the power storage device. The power
supply system further has an auxiliary machine power
supplying device inserted between the voltage converter
and the power storage device, the power supply device
for the auxiliary machine being configured to supply pow-
er from at least one of the fuel cell and the power storage
device to the auxiliary machine; and a switch inserted
along a second line different from the first line between
the fuel cell and the auxiliary machine, the switch being
configured to supply power to the auxiliary machine.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

FIG. 1 shows an example of the configuration of a
vehicle system in a first embodiment of the present
invention.
FIG. 2 is a flowchart showing an example of the pro-
cedure for the control method of a vehicle system.
FIG. 3 shows an example of the configuration of a
vehicle system in a second embodiment of the
present invention.
FIG. 4A shows a first auxiliary machine feeding state
to supply power to the auxiliary machine of the fuel
cell from the battery via the converter when the fuel
cell starts to operate.
FIG. 4B shows a second auxiliary machine feeding
state to supply power to the auxiliary machine from
both of the fuel cell and the battery via the converter
when the fuel cell starts power generation.
FIG. 4C shows a third auxiliary machine feeding
state to supply power to the auxiliary machine from
the fuel cell via the converter as the temperature of
the fuel cell rises.
FIG. 4D shows a fourth auxiliary machine feeding
state to distribute the power at the fuel cell to the
auxiliary machine and other devices when the fuel
cell is ready for the rated operation.
FIG. 4E shows a fifth auxiliary machine feeding state
when the voltage across the fuel cell is in the oper-
ating voltage range of the auxiliary machine to di-
rectly supply the output power from the fuel cell to
the auxiliary machine and indirectly supply the output
power to other devices via the converter.
FIG. 5 is a flowchart showing an example of the pro-
cedure for the control method of a vehicle system.
FIG. 6 shows the relationship between the output
characteristics of the fuel cell and the operating volt-
age range of the auxiliary machine.
FIG. 7 shows an example of the configuration of a
vehicle system in a third embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0007] The following describes embodiments of the
present invention, with reference to the attached draw-
ings.

(First embodiment)

[0008] FIG. 1 shows one example of the configuration
of a vehicle system 100 that is a first embodiment of the
present invention.
[0009] The vehicle system 100 is a power supply sys-
tem to supply an auxiliary machine and a power storage
device mounted on a vehicle with power. Examples of
the vehicle includes electric vehicles, such as a hybrid
vehicle, and electric trains. The vehicle system 100 of
the present embodiment supplies a motor 12 to drive a
vehicle with power via an inverter 11 to convert DC power
into AC power.
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[0010] The vehicle system 100 includes a power stor-
age device 1, a fuel cell 2, a voltage converter 3, a FC
auxiliary machine 4, a auxiliary machine power supplying
device 5, a switch 6, a controller 7, the inverter 11, and
the motor 12. The fuel cell 2, the voltage converter 3, the
FC auxiliary machine 4, and the auxiliary machine power
supplying device 5 make up a fuel cell system.
[0011] The power storage device 1 is a power supply
to supply at least one of the FC auxiliary machine 4 and
the motor 12 with power. In one example, the power stor-
age device 1 outputs power with DC voltage at a few
hundreds of volt (V). The power storage device 1 may
be a lithium ion battery or a lead battery.
[0012] The fuel cell 2 connects to the power storage
device 1 via a first line L1. The fuel cell 2 connects to the
FC auxiliary machine 4 via a second line L2 that is dif-
ferent from the first line L1. The fuel cell 2 generates
power while receiving supplied fuel gas and oxidant gas.
The fuel cell 2 may be a solid oxide fuel cell or a solid
polymer fuel cell. The output voltage from the fuel cell 2
changes with some operating states, including the flow
rate of fuel gas supplied to the fuel cell 2, the flow rate
of the oxidant gas, and the temperature of the fuel cell 2.
[0013] The fuel cell 2 is a power supply capable of sup-
plying power to at least one of the power storage device
1, the FC auxiliary machine 4, and the motor 12. The fuel
cell 2 includes the lamination of a plurality of cells, and
outputs a voltage that is different from the output voltage
from the power storage device 1. In one example, the
fuel cell 2 outputs DC voltage of a few tens of V that is
lower than the output voltage from the power storage
device 1. In this example, the fuel cell 2 operates as a
supplemental power supply for the output from the power
storage device 1.
[0014] The voltage converter 3 is inserted along the
first line L1 between the fuel cell 2 and the power storage
device 1, and converts the voltage of power output from
the fuel cell 2 into a different voltage value. In one exam-
ple, the voltage converter 3 includes a DC/DC converter
to boost or step-down the voltage of input power and
output the voltage.
[0015] The FC auxiliary machine 4 is an ancillary de-
vice required for power generation of the fuel cell 2. Ex-
amples of the FC auxiliary machine 4 include an actuator
to supply oxidant gas or fuel gas to the fuel cell 2 and an
actuator to introduce refrigerant into the fuel cell 2 and
return the refrigerant to the entrance of the fuel cell 2 for
circulation. Specific examples of the FC auxiliary ma-
chine 4 include a blower or a compressor to supply am-
bient air as oxidant gas to the fuel cell 2.
[0016] The FC auxiliary machine 4 operates within the
range of voltage values corresponding to the output volt-
age from the fuel cell 2. In other words, the FC auxiliary
machine 4 is designed to run within the range of voltage
values output from the fuel cell 2. The rated output from
the FC auxiliary machine 4 is determined while consid-
ering the rated output from the fuel cell 2. In one example,
a smaller rated output from the FC auxiliary machine 4

is determined for a smaller rated output from the fuel cell
2.
[0017] The auxiliary machine power supplying device
5 is inserted between the voltage converter 3 and the
power storage device 1. The auxiliary machine power
supplying device 5 supplies output power from at least
one of the power storage device 1 and the fuel cell 2 to
the FC auxiliary machine 4. In one example, the auxiliary
machine power supplying device 5 includes a DC/DC
converter to convert voltage between the voltage con-
verter 3 and the power storage device 1 into a value within
the operating voltage range of the FC auxiliary machine
4. In this example, the controller 7 controls the operation
of the auxiliary machine power supplying device 5.
[0018] When voltage conversion is not necessary be-
tween the voltage converter 3 and the power storage
device 1, the auxiliary machine power supplying device
5 may be omitted, and a power-supply line may branch
off from the first line L1 between the voltage converter 3
and the power storage device 1 so as to directly connect
to the FC auxiliary machine 4. In this case, the power-
supply line can function as the auxiliary machine power
supplying device 5.
[0019] The switch 6 directly connects or disconnects
the second line L2 between the fuel cell 2 and the FC
auxiliary machine 4. The switch 6 may include a mechan-
ical switch, or may include an electrical device, such as
a semiconductor switch or a diode. The switch 6 changes
the power supplying device to the FC auxiliary machine
4 from the auxiliary machine power supplying device 5
to the fuel cell 2. In this way the switch 6 switches the
power supply device to the FC auxiliary machine 4 be-
tween the auxiliary machine power supplying device 5
and the fuel cell 2. The controller 7 controls the connec-
tion of the switch 6.
[0020] The controller 7 controls the operation of the
vehicle system 100. The controller 7 controls the voltage
converter 3, the FC auxiliary machine 4, the auxiliary ma-
chine power supplying device 5 and the switch 6. Detect-
ing a switching operation with a starting key of the vehicle
by the driver from OFF to ON, the controller 7 executes
start-up operation of the fuel cell 2.
[0021] In this start-up operation, the controller 7 dis-
connects the fuel cell 2 and the FC auxiliary machine 4,
and controls the operation of the auxiliary machine power
supplying device 5 so as to supply power to the FC aux-
iliary machine 4 from the power storage device 1. The
controller 7 in the present embodiment sets the switch 6
at a disconnection state, and steps down the output volt-
age value of the power storage device 1 to the operating
voltage value of the FC auxiliary machine 4. This acti-
vates the FC auxiliary machine 4, and the FC auxiliary
machine 4 then supplies oxidant gas and fuel gas to the
fuel cell 2 and warms up the fuel cell 2.
[0022] When the power of the fuel cell 2 exceeds the
power required to activate the FC auxiliary machine 4,
the controller 7 controls the state of the switch 6 so as to
connect the fuel cell 2 and the FC auxiliary machine 4.
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The controller 7 then controls the operation of the auxil-
iary machine power supplying device 5 so as to stop the
power supply from the auxiliary machine power supplying
device 5 to the FC auxiliary machine 4.
[0023] The present embodiment describes the exam-
ple of, following a detection of the switching operation
with the starting key, executing the start-up operation of
the fuel cell 2. In another embodiment, when the storage
amount of the power storage device 1 falls below a pre-
determined threshold, the controller 7 may execute the
start-up operation of the fuel cell 2. In one example, such
a storage amount of the power storage device 1 may be
SOC (State Of Charge).
[0024] FIG. 2 is a flowchart showing an example of the
procedure for the control method of a vehicle system 100
by the controller 7 of the present embodiment.
[0025] At step S1, the controller 7 determines whether
a start-up request for the fuel cell 2 is received or not,
i.e., whether or not to start up the fuel cell 2. In one ex-
ample, when the operation to turn the starting key of the
vehicle ON or a decrease of the SOC of the power storage
device 1 less than a predetermined value is detected,
the controller 7 receives a signal of such a detection as
the start-up request for the fuel cell 2.
[0026] At step S2, the controller 7 controls the opera-
tion of the auxiliary machine power supplying device 5
so as to supply power to the FC auxiliary machine 4 from
the power storage device 1 to start up the fuel cell 2. In
one example, when the SOC of the power storage device
1 falls below a predetermined threshold, the controller 7
controls to convert the output voltage from the power
storage device 1 to a value in the voltage range where
the FC auxiliary machine 4 is operable.
[0027] At step S3, the controller 7 controls the opera-
tion of the voltage converter 3 so as to extract power from
the fuel cell 2. Specifically the controller 7 may measure
the temperature of the fuel cell 2 or the elapsed time after
the starting up, and when the measurement exceeds a
predetermined threshold indicating that the fuel cell 2 is
able to generate power, the controller 7 then controls to
convert the output voltage from the fuel cell 2 and supply
it to the power storage device 1.
[0028] Alternatively the controller 7 may obtain the
amount of power generated at the fuel cell 2 based on
the supplying amount of the fuel gas and the oxidant gas
to the fuel cell 2, and when the amount of generated
power exceeds a certain value, the controller 7 may con-
trol to charge the power storage device 1 with the power
from the fuel cell 2 via the voltage converter 3.
[0029] At step S4, the controller 7 controls the state of
the switch 6 so as to connect the fuel cell 2 and the FC
auxiliary machine 4 in accordance with the operating
state of the fuel cell 2.
[0030] In one example, the controller 7 may obtain a
detection value or an estimated value of the temperature,
the power, the voltage or the like of the fuel cell 2, and
determine whether the obtained value exceeds a certain
threshold or not. The certain threshold indicates the state

of the fuel cell 2, such as the temperature, the power, or
the voltage, where the output power from the fuel cell 2
suffices for the requested power for the FC auxiliary ma-
chine 4. When the obtained value exceeds the certain
threshold, the controller 7 changes the switch 6 from the
disconnection state (non-conducting state) to the con-
nection state (conducting state).
[0031] At step S5, the controller 7 determines whether
a stop request for the fuel cell 2 is received or not, i.e.,
whether or not to stop power generation at the fuel cell
2. In one example, when the operation to turn the starting
key of the vehicle OFF, a decrease of the temperature
of the fuel cell 2 below a lower-limit temperature, or an
increase of the SOC of the power storage device 1 to a
predetermined threshold indicating the full charging state
of the power storage device 1 is detected, the controller
7 receives a signal of such a detection as the stop request
for the fuel cell 2.
[0032] Then the controller 7 stops the power genera-
tion at the fuel cell 2 and changes the switch 6 from the
connection state to the disconnection state. Then the
controller 7 ends a series of procedure for the control
method of the vehicle system 100.
[0033] According to the first embodiment of the present
invention, the vehicle system 100 includes: the power
storage device 1 mounted on a vehicle; the fuel cell 2
connecting to the power storage device 1; the FC auxil-
iary machine 4 operating in a range corresponding to the
output voltage from the fuel cell 2; and the voltage con-
verter 3 inserted along the first line L1 between the fuel
cell 2 and the power storage device 1. The vehicle system
100 includes the auxiliary machine power supplying de-
vice 5 inserted between the voltage converter 3 and the
power storage device 1 to supply power from at least one
of the fuel cell 2 and the power storage device 1 as the
power supplies to the FC auxiliary machine 4. The vehicle
system 100 includes the switch 6 inserted along the sec-
ond line L2 between the fuel cell 2 and the FC auxiliary
machine 4 to enable power-supply to the FC auxiliary
machine 4. The switch 6 connects the fuel cell 2 and the
FC auxiliary machine 4 so as to change the power sup-
plying device to the FC auxiliary machine 4 from the aux-
iliary machine power supplying device 5 to the fuel cell 2.
[0034] In this way the vehicle system 100 includes the
auxiliary machine power supplying device 5 between the
power storage device 1 and the voltage converter 3, and
so enables power supplying to the FC auxiliary machine
4 from the power storage device 1 irrespective of the
power-generating state of the fuel cell 2 so as to reliably
operate the FC auxiliary machine 4 at the starting-up of
the fuel cell 2.
[0035] The FC auxiliary machine 4, which operates at
the voltage corresponding to the output voltage from the
fuel cell 2, enables direct power-supplying from the fuel
cell 2 to the FC auxiliary machine 4 via the switch 6. This
means that, when the power is supplied to the FC auxil-
iary machine 4 via the voltage converter 3, the fuel cell
2 and the FC auxiliary machine 4 may be connected so
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as to reduce power loss due to the voltage conversion
at the voltage converter 3.
[0036] This suppresses consumption of the fuel gas,
which is to be used for power generation at the fuel cell
2, for the voltage conversion of the vehicle system 100,
and so suppresses a decrease in fuel consumption in the
vehicle.

(Second embodiment)

[0037] FIG. 3 shows one example of the configuration
of a vehicle system 101 that is a second embodiment of
the present invention.
[0038] The vehicle system 101 includes a high-voltage
battery 1A, a SOFC 2A, a FC output sensor 2B, a FC
temperature sensor 2C, and a FC converter 3A. The ve-
hicle system 101 also includes a FC blower 4A, a tem-
perature sensor 4B, an auxiliary machine converter 5A,
a feeding switch 5B, a switch 6, and a controller 7. The
switch in this embodiment has the same configuration as
that in the vehicle system 100 in FIG. 1, and so the fol-
lowing assigns the same reference numeral 6 to the
switch and omits the descriptions on the switch.
[0039] The high-voltage battery 1A corresponds to the
power storage device 1 in FIG. 1. The high-voltage bat-
tery 1A outputs a voltage higher than the output voltage
from the SOFC 2A. The high-voltage battery 1A in the
present embodiment outputs a DC voltage higher than
60 V. In one example, the high-voltage battery 1A outputs
a DC voltage at about 400 V.
[0040] The SOFC 2A corresponds to the fuel cell 2 in
FIG. 1. The SOFC 2A is a solid oxide fuel cell. The SOFC
2A of the present embodiment outputs a DC voltage at
a few tens of V.
[0041] Preferably the upper-limit voltage of the SOFC
2A is less than 60 V. This is because, considering the
safety regulations to prevent a direct contact (electric
shot), both of the positive-electrode terminal and the neg-
ative-electrode terminal of the SOFC 2A have to float
from the vehicle chassis when the upper-limit voltage of
the SOFC 2A is equal to or larger than 60 V.
[0042] On the contrary, when the upper-limit voltage
of the SOFC 2A is less than 60 V, the negative-electrode
terminal of the SOFC 2A can be grounded to the chassis.
Such a connection of the negative-electrode terminal of
the SOFC 2A to the chassis allows the chassis to function
as a path for electricity. This simplifies the circuit config-
uration of the vehicle system 101 as compared with the
configuration having the SOFC 2A floating from the chas-
sis.
[0043] The FC output sensor 2B detects voltage and
current output from the SOFC 2A. The FC output sensor
2B outputs a detection signal indicating each of the de-
tected output voltage and output current to the controller
7.
[0044] The FC temperature sensor 2C detects the tem-
perature of the SOFC 2A. In one example, the FC tem-
perature sensor 2C detects a temperature of gas sup-

plied to the fuel cell 2 or a temperature of gas discharged
from the fuel cell 2. The FC temperature sensor 2C out-
puts a detection signal indicating the detected tempera-
ture to the controller 7.
[0045] The FC converter 3A corresponds to the voltage
converter 3 in FIG. 1. Based on the voltage of power
output from the SOFC 2A, the FC converter 3A boosts
or steps down a secondary voltage between the FC con-
verter 3A and the high-voltage battery 1A. The FC con-
verter 3A may include a mono-directional DC/DC con-
verter, for example. This simplifies the FC converter 3A.
[0046] The FC blower 4A corresponds to the FC aux-
iliary machine 4 in FIG. 1. The FC blower 4A is an actuator
to supply air as oxidant gas to the SOFC 2A. The operable
range of voltage value for the FC blower 4A is designed
in the range from 30 V to 50 V, for example.
[0047] The temperature sensor 4B detects the temper-
ature of the FC blower 4A. The temperature sensor 4B
of the present embodiment detects the temperature of a
drive motor making up the FC blower 4A. The tempera-
ture sensor 4B outputs a detection signal indicating the
detected temperature to the controller 7.
[0048] The auxiliary machine converter 5A corre-
sponds to the auxiliary machine power supplying device
5 in FIG. 1. The auxiliary machine converter 5A is a
DC/DC converter to convert the voltage between the
high-voltage battery 1A and the FC converter 3A into a
value within the operable voltage range of the FC blower
4A. In one example, the auxiliary machine converter 5A
steps down the voltage between the high-voltage battery
1A and the FC converter 3A at about 400 V to 48 V.
[0049] The feeding switch 5B connects or disconnects
the FC blower 4A and the auxiliary machine converter
5A. The controller 7 controls the connection of the feeding
switch 5B. In one example, when the switch 6 changes
from the disconnection state to the connection state, the
feeding switch 5B changes from the connection state of
the disconnection state. When the switch 6 changes from
the connection state to the disconnection state, the feed-
ing switch 5B changes from the disconnection state of
the connection state. Similarly to the switch 6, the feeding
switch 5B may include a mechanical switch, or may in-
clude an electrical device, such as a semiconductor
switch or a diode.
[0050] Referring next to FIG. 4A to FIG. 4E, the follow-
ing describes the way of supplying power to the FC blow-
er 4A in the vehicle system 101. For the sake of simplicity,
FIG. 4A to FIG. 4E omit the feeding switch 5B.
[0051] FIG. 4A describes the power feeding state to
the FC blower 4A when the starting-up of the SOFC 2A
starts.
[0052] In FIG. 4A, following the turning of the starting
key of the vehicle ON, the start-up operation of the fuel
cell is executed. Along with this, the auxiliary machine
converter 5A steps down the output voltage from the high-
voltage battery 1A to the operating voltage of the FC
blower 4A, e.g., to 48 V. This supplies the output power
from the high-voltage battery 1A to the FC blower 4A via
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the auxiliary machine converter 5A to activate the FC
blower 4A, and the FC blower 4A supplies air to the SOFC
2A.
[0053] FIG. 4B describes the power feeding state to
the FC blower 4A when power is extracted from the SOFC
2A.
[0054] In FIG. 4B, following a determination by the con-
troller 7 that the SOFC 2A is ready for power generation,
the FC converter 3A starts to operate. This boosts the
output voltage from the SOFC 2A, e.g., a voltage value
in the range from 30 V to 50 V, to a voltage value required
for charging of the high-voltage battery 1A. Then the ve-
hicle system supplies the power of the SOFC 2A to the
FC blower 4A via the FC converter 3A and the auxiliary
machine converter 5A.
[0055] The controller 7 determines that the SOFC 2A
becomes ready for power generation when the temper-
ature of the SOFC 2A rises to a temperature suitable for
power generation and when the supplying amount of
each of the oxidant gas and the fuel gas to the SOFC 2A
reaches the flow rate required for power generation, for
example.
[0056] FIG. 4C describes the power feeding state to
the FC blower 4A when the power that the SOFC 2A can
generate exceeds the requested power for the FC blower
4A.
[0057] In FIG. 4C, the power of the SOFC 2A suffices
for the supplying power to the FC blower 4A, and so the
vehicle system supplies output power from the SOFC 2A
to the FC blower 4A via the FC converter 3A and the
auxiliary machine converter 5A without using the power
of the high-voltage battery 1A.
[0058] FIG. 4D describes the power feeding state to
the FC blower 4A when externally requested power for
the SOFC 2A is greater than 0 that is required from an
external load different from the FC blower 4A making up
the fuel cell system.
[0059] In FIG. 4D, the required power from both of the
high-voltage battery 1A and the motor 12 that are external
loads is greater than 0, so that the output power from the
SOFC 2A extracted by the FC converter 3A increases.
As a result the vehicle system supplies the output power
from the SOFC 2A to the FC blower 4A, and distributes
this output power to the inverter 11 and the high-voltage
battery 1A as well.
[0060] For example, when the vehicle travels at a con-
stant speed, the vehicle system supplies the output pow-
er from the SOFC 2A not only to the FC blower 4A but
also to the high-voltage battery 1A and the motor 12.
[0061] The controller determines whether or not to sup-
ply power to the load based on the temperature of the
SOFC 2A and the IV characteristics, for example. To ac-
quire the IV characteristics of the SOFC 2A, the controller
7 obtains current values and voltage values of the SOFC
2A every time the controller 7 controls the FC blower 4A
to change the output current from the SOFC 2A in a step-
wise fashion. The controller 7 then estimates the IV char-
acteristics by applying at least two sets of the current

values and the voltage values to a predetermined ap-
proximate expression. Alternatively the controller 7 may
store different IV characteristics in association with var-
ious temperatures of the SOFC 2A, and may select the
IV characteristics corresponding to the temperature de-
tected by the FC temperature sensor 2C.
[0062] FIG. 4E describes the power feeding state to
the FC blower 4A when the SOFC 2A becomes ready
for rated operation.
[0063] In FIG. 4E, following a determination by the con-
troller 7 that the SOFC 2A is ready for rated operation
based on the temperature, the IV characteristics, or the
like of the SOFC 2A, the controller 7 changes the switch
6 from the disconnection state to the connection state.
This directly supplies the output voltage from the SOFC
2A to the FC blower 4A.
[0064] Then the auxiliary machine converter 5A stops
and the FC converter 3A starts to operate. The FC con-
verter 3A then extracts an externally requested power,
which is obtained by subtracting the required power of
the FC blower 4A from the output power of the SOFC
2A, from the SOFC 2A, and supplies the power to the
high-voltage battery 1A and the motor 12.
[0065] In this way, the SOFC 2A directly connects to
the FC blower 4A with the switch 6, and this can shorten
the time to supply power to the FC blower 4A via the FC
converter 3A and the auxiliary machine converter 5A as
shown in FIG. 4D. This reduces the power loss at the FC
converter 3A and the auxiliary machine converter 5A due
to the voltage conversion, and so reduces the consump-
tion of fuel gas during the voltage conversion. This im-
proves the fuel consumption in the vehicle system 101.
[0066] FIG. 5 is a flowchart showing an example of the
procedure for the control method of the vehicle system
101 by the controller 7 of the present embodiment.
[0067] The control method of the present embodiment
includes step S41 to step S47 instead of step S4 in steps
S1 to S5 shown in FIG. 2. Since the steps other than step
S4 are similar to those described in FIG. 2, the following
describes only step S41 to step S47 in details.
[0068] At step S41, the controller 7 determines whether
the FC power indicating the magnitude of output power
from the SOFC 2A exceeds the blower requested power
indicating the magnitude of the requested power of the
FC blower 4A. The controller 7 repeats step S3 until the
FC power exceeds the blower requested power.
[0069] The FC power is calculated based on at least
one of the current and the voltage detected by the FC
output sensor 2B, for example. The blower requested
power is calculated based on the target generation power
of the SOFC 2A. For instance, the requested power of
the motor 12 increases with the displacement of the ac-
celerator pedal, and the target generation power of the
SOFC 2A also increases. The flow rate of air to be sup-
plied to the SOFC 2A accordingly increases, so that the
requested power for the FC blower 4A increases.
[0070] At step S42, the controller 7 determines whether
the externally requested power of the fuel cell system is
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greater than 0 or not. The externally requested power
refers to the power required for the SOFC 2A from a load
other than the FC blower 4A making up the fuel cell sys-
tem. The externally requested power in the present em-
bodiment equals the sum of the power required to charge
the high-voltage battery 1A and the requested power
from the motor 12.
[0071] At step S43, when the externally requested
power is greater than 0, the controller 7 determines
whether the FC temperature indicating the temperature
of the SOFC 2A is equal to or larger than a temperature
threshold Th_f or not. The FC temperature is detected
by the FC temperature sensor 2C, for example. The tem-
perature threshold Th_f may be determined beforehand
based on experimental data or simulation results, for ex-
ample. The temperature threshold Th_f of the present
embodiment is set at the temperature of the SOFC 2A
where the SOFC 2A is ready for rated operation.
[0072] The controller 7 may set, as the temperature
threshold Th_f, a temperature of the SOFC 2A such that
the operating state of the SOFC 2A is able to output the
externally requested power in addition to the blower re-
quested power. In this way the controller 7 changes the
temperature threshold Th_f in accordance with the ex-
ternally requested power, and this allows the output ter-
minal of the SOFC 2A to directly connect to the power-
supply terminal of the FC blower 4A at an early stage.
[0073] When the FC temperature is lower than the tem-
perature threshold Th_f at step S43, the controller 7 mon-
itors the FC temperature until the FC temperature reach-
es the temperature threshold Th_f. When the FC tem-
perature reaches the temperature threshold Th_f, the
controller 7 shifts to step S44. Also when it is determined
at step S42 that the externally requested power is 0, the
controller 7 shifts to step S44.
[0074] At step S44, the controller 7 determines whether
the FC voltage value, which indicates the magnitude of
the output voltage from the SOFC 2A, is within the oper-
ating voltage range R1 of the FC blower 4A or not. The
FC voltage value is detected by the FC output sensor
2B, for example. The operating voltage range R1 indi-
cates the range of voltage values where the FC blower
4A making up the auxiliary machine of the SOFC 2A can
run. The operating voltage range R1 is described later
with reference to the following drawing.
[0075] When the FC voltage value is not within the op-
erating voltage range R1, the controller 7 returns to step
S42 and repeats step S42 to step S44 until the FC voltage
value fits within the operating voltage range R1.
[0076] At step S45, when the FC voltage value is within
the operating voltage range R1, the controller 7 controls
the state of the switch 6 so as to connect the SOFC 2A
and the FC blower 4A. This directly supplies the output
power from the SOFC 2A to the FC blower 4A as shown
in FIG. 4E, and this therefore can avoid the flowing of the
power of the SOFC 2A through the FC converter 3A and
the auxiliary machine converter 5A as shown in FIG. 4D.
This reduces the power loss due to the voltage conver-

sion at the FC converter 3A and the auxiliary machine
converter 5A.
[0077] The controller 7 then stops the operation of the
auxiliary machine converter 5A, and changes the feeding
switch 5B disposed between the auxiliary machine con-
verter 5A and the switch 6 to the disconnection state.
Such a feeding switch 5B avoids the countercurrent flow-
ing into the SOFC 2A even when the smoothing capacitor
in the auxiliary machine converter 5A has a voltage higher
than the voltage across the SOFC 2A, and so the switch
6 changes to the connection state.
[0078] At step S46, the controller 7 determines whether
the blower temperature, which indicates the temperature
of the drive motor making up the FC blower 4A, is equal
to or less than an auxiliary machine temperature thresh-
old Th_a or not. The blower temperature is detected by
the temperature sensor 4B, for example.
[0079] The auxiliary machine temperature threshold
Th_a as stated above may be determined beforehand
based on a temperature of the drive motor of the FC
blower 4A when the drive motor deteriorates or the op-
erating efficiency of the drive motor is lowered, i.e., based
on a temperature of the drive motor when the load on the
FC blower 4A is too large. In this way, the temperature
of the drive motor in the FC blower 4A may be detected,
and this precisely estimates the overloading of the FC
blower 4A. This suppresses deterioration of the magnetic
characteristics and the operating efficiency of the drive
motor.
[0080] At step S47, when the blower temperature ex-
ceeds the auxiliary machine temperature threshold Th_a,
the controller 7 determines that the FC blower 4A is in
an overloading state, and controls the switch 6 so as to
disconnect the SOFC 2A and the FC blower 4A. Then
the controller 7 controls both of the FC converter 3A and
the auxiliary machine converter 5A so as to keep the
supply power to the FC blower 4A. This avoids a failure
of the FC blower 4A.
[0081] At step S46, when the blower temperature is
equal to or less than the auxiliary machine temperature
threshold Th_a or when the switch 6 changes from the
connection state to the disconnection state at step S47,
the controller 7 shifts to step S5. The controller 7 then
repeats steps S42 to S47 and step S5 until the controller
receives a stop request for the SOFC2A.
[0082] FIG. 6 shows the relationship between the IV
characteristics of the SOFC 2A and the voltage range of
the FC blower 4A.
[0083] In FIG. 6, reference output characteristics Fb
as the reference of the IV characteristics at which the
SOFC2A is ready for rated operation are indicated with
the solid line, and the output characteristics F0 as a failure
with reference to the reference output characteristics Fb
of the SOFC 2A are indicated with the dotted line.
[0084] FIG. 6 also shows the operating voltage range
R1 and the performance guarantee voltage range R2 that
are voltage ranges of the FC blower 4A. The operating
voltage range R1 indicates the range of voltage values
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where the FC blower 4A is operable. In one example, the
open-circuit voltage OCV is 50V, and the lower-limit volt-
age for operation V0 is 30 V. The performance guarantee
voltage range R2 indicates the range of voltage values
where the FC blower 4A is ready for rated operation.
[0085] The reference output characteristics Fb show
the output current of the SOFC2A that increases with a
decrease in output voltage of the SOFC 2A. At the rated
operating point Pr of the SOFC 2A, the FC blower 4A
operates at the rated conditions. This means that, when
the output power from the SOFC 2A is supplied to the
FC blower 4A via the switch 6, the output voltage from
the SOFC 2A is the rated voltage value VI, and when the
output current from the SOFC 2A is the rated current
value 12, the FC blower 4A operates at the rated condi-
tions.
[0086] The output characteristics F0 are failure relative
to the reference output characteristics Fb, so that the
SOFC2A in this state fails to operate at the rated condi-
tions. In one example, when the temperature of the SOFC
2A is lower than temperatures suitable for power gener-
ation, the IV characteristics of the SOFC 2A are lower
than the reference output characteristics Fb.
[0087] In this way the operating voltage range R1 of
the FC blower 4A may be determined beforehand while
considering the IV characteristics of the SOFC 2A so that
the FC blower 4A directly connecting to the SOFC2A
operates .
[0088] According to the second embodiment of the
present invention, the vehicle system 101 includes the
SOFC 2A that is a solid oxide fuel cell configured to re-
ceive fuel gas and generate power. Since the SOFC 2A
is mainly made of ceramics, the SOFC 2A tends to have
a larger variation than that of a solid polymer fuel cell. An
increased number of the fuel cells in the lamination of
the SOFC 2A therefore leads to a larger variation of the
SOFC 2A as a whole and degrades the adhesiveness of
the fuel cells to increase the electrical resistance inside
of the SOFC 2A.
[0089] To avoid this, the number of the fuel cells in the
lamination of the SOFC 2A is limited, so that the rated
output of the SOFC 2A is smaller than the rated output
of the high-voltage battery 1A. The rated output of the
FC blower 4A as an auxiliary machine of the SOFC 2A
also can be set smaller, and so the operable voltage
range of the FC blower 4A can be easily set for the output
voltage from the SOFC 2A. This therefore suppresses
deterioration of the fuel consumption of the SOFC 2A
with a simple configuration.
[0090] The vehicle system 101 of the present embod-
iment includes, as sensors to detect the power-genera-
tion state of the SOFC 2A, the FC output sensor 2B to
detect the current and the voltage of the SOFC 2A and
the FC temperature sensor 2C to detect the temperature
of the SOFC 2A. The vehicle system 101 also includes
the controller 7 to control the connection state of the
switch 6 based on the FC output sensor 2B or the FC
temperature sensor 2C. The controller 7 controls the

switch 6 based on a detection signal of the FC output
sensor 2B or the FC temperature sensor 2C so as to
connect and disconnect the FC blower 4A making up the
auxiliary machine of the fuel cell and the SOFC 2A.
[0091] This directly supplies the output power from the
SOFC 2A to the FC blower 4A in accordance with the
power-generating state of the SOFC 2A, and so reduces
the amount of the output power from the SOFC 2A that
is consumed during the voltage conversion at the FC
converter 3A and the auxiliary machine converter 5A.
[0092] The FC output sensor 2B of the present embod-
iment detects the output voltage or the output current
from the SOFC 2A as the power-generating state of the
SOFC 2A. When the output power from the SOFC 2A
based on the voltage value of the current value detected
by the FC output sensor 2B exceeds the requested power
from the FC blower 4A, the controller 7 connects the
SOFC 2A and the FC blower 4A.
[0093] In one example, the controller 7 may omit steps
S42 to S44 among steps S41 to S45 shown in FIG. 5,
and when the controller 7 determines that the FC power
is larger than the blower requested power, the controller
7 may change the switch 6 from the disconnection state
to the connection state. In another example, when the
detected value of the output current from the SOFC 2A
exceeds a current value required to keep the blower re-
quested power, or when the detected value of the output
voltage from the SOFC 2A exceeds a voltage value re-
quired to keep the blower requested power, the controller
7 may change the switch 6 to the connection state.
[0094] In this way, the detected value of the current or
the voltage output from the SOFC 2A may be used, and
this correctly changes the switch 6 to the connection state
as compared with the case of using an estimated value
of the output current or the output voltage from the SOFC
2A. This therefore reduces the power loss at the FC con-
verter 3A and the auxiliary machine converter 5A.
[0095] When it is determined that the FC power is equal
to or less than the blower requested power, then the con-
troller 7 changes the switch 6 to the disconnection state.
In this way, when the output power from the SOFC 2A
does not reach the requested power from the FC blower
4A, the controller 7 disconnects the SOFC 2A and the
FC blower 4A. This reduces the power loss at the FC
converter 3A and the auxiliary machine converter 5A
while keeping the power to be supplied to the FC blower
4A.
[0096] The FC temperature sensor 2C of the present
embodiment detects the temperature of the SOFC 2A as
the power-generating state of the SOFC 2A, and the con-
troller 7 determines whether the temperature detected
by the FC temperature sensor 2C is equal to or larger
than the predetermined temperature threshold Th_f or
not. In one example, the controller 7 may omit step S44
among steps S43 to S45 shown in FIG. 5, and when the
FC temperature indicating the temperature detected by
the FC temperature sensor 2C is equal to or larger than
the temperature threshold Th_f, the controller 7 may con-
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nect the SOFC2A and the FC blower 4A.
[0097] Such a detection of the temperature of the
SOFC 2A enables a determination about whether the
SOFC 2A is ready for rated operation or not, and the
controller 7 therefore sets the switch 6 at the connection
state while keeping the SOFC 2A ready for the rated op-
eration. This avoids the shortage of the output power
from the SOFC 2A due to an increase in the requested
power from the power storage device 1 or the motor 12
after setting the switch 6 at the connection state.
[0098] When the FC temperature is less than the tem-
perature threshold Th_f, the controller 7 disconnects the
SOFC2A and the FC blower 4A. This keeps the power
to be supplied to the FC blower 4A.
[0099] The controller 7 may be configured to obtain the
IV characteristics indicating the output characteristics of
the output voltage versus the output current from the
SOFC 2A based on voltage values and current values
detected by the FC output sensor 2B, and may determine
whether the obtained IV characteristics are favorable or
not with reference to predetermined reference output
characteristics Fb.
[0100] In one example, the controller 7 changes the
output power from the SOFC 2A in a stepwise fashion
while controlling the FC converter 3A to supply power
extracted from the SOFC 2A to the FC blower 4A. The
controller 7 then obtains a set of a current value and a
voltage value from the FC output sensor 2B every time
the controller 7 changes the output power from the SOFC
2A in a stepwise fashion, and applies at least two sets
of the current values and the voltage values to a prede-
termined approximate expression to estimate the IV char-
acteristics.
[0101] When the controller 7 determines that the esti-
mated IV characteristics are favorable, then the controller
7 connects the SOFC and the FC blower 4A. Such an
estimation of the IV characteristics of the SOFC 2A allows
precise determination about whether the SOFC 2A is
ready for rated operation or not, and the controller 7 there-
fore sets the switch 6 at the connection state while keep-
ing the SOFC 2A ready for the rated operation. This
avoids the shortage of the output power from the SOFC
2A.
[0102] When the controller 7 determines that the esti-
mated IV characteristics are not favorable, then the con-
troller 7 disconnects the SOFC and the FC blower 4A.
This avoids the shortage of the output from the SOFC
2A, and keeps the power to be supplied from the high-
voltage battery 1A to the FC blower 4A.
[0103] As shown in step S44 in FIG. 5, when the volt-
age value detected by the FC output sensor 2B fits within
the operating voltage range R1 of the FC blower 4A, the
controller 7 of the present embodiment connects the
SOFC and the FC blower 4A. This avoids the overloading
state of the FC blower 4A because the voltage value sup-
plied to the FC blower 4A is low.
[0104] The present embodiment includes the fuel cell
that is the SOFC 2A having the upper-limit value less

than 60 V. This enables the negative-electrode terminal
of the SOFC 2A to be grounded to the chassis, and lowers
the necessity of insulating the SOFC 2A from the chassis.
This reduces the manufacturing cost and the size of the
vehicle system 101.
[0105] As shown in FIG. 4E, when the SOFC2A and
the FC blower 4A connects via the switch 6, the controller
7 of the present embodiment lowers the output from the
FC converter 3A to keep the output voltage from the
SOFC 2A constant.
[0106] For instance, the controller 7 lowers the power
output from the FC converter 3A so that the output power
of the SOFC 2A detected by the FC output sensor 2B is
kept constant, and stops the operation of the auxiliary
machine converter 5A. Alternatively the controller 7 may
lower the output power from the FC converter 3A by the
amount obtained by adding the consumed power at the
FC blower 4A to the sum of the power loss at the FC
converter 3A and the auxiliary machine converter 5A.
[0107] This avoids deterioration of the fuel cells making
up the SOFC 2A or an instable power-generating state
of the SOFC 2A, which results from the excessively ex-
traction of power from the SOFC 2A during changing from
the disconnection state to the connection state of the
switch 6.
[0108] The vehicle system 101 of the present embod-
iment includes, as an auxiliary machine sensor to detect
the operating state of the auxiliary machine, the temper-
ature sensor 4B to detect the temperature of the FC blow-
er 4A. The controller 7 then disconnects the SOFC 2A
and the FC blower 4A in accordance with a detection
signal output from the temperature sensor 4B. This en-
ables a determination about whether the FC blower 4A
can generate a malfunction or not, and so avoids a failure
of the FC blower 4A during changing of the switch 6 to
the connection state.
[0109] Especially the controller 7 determines based on
the temperature detected by the temperature sensor 4B
whether the load at the FC blower 4A is excessive or not.
When the controller 7 determines that the load is exces-
sive, then the controller 7 disconnects the SOFC 2A and
the FC blower 4A. This avoids lowering of the output from
the FC blower 4A or emergency stop of the FC blower
4A because the temperature of the FC blower 4A is too
high.
[0110] The vehicle system 101 of the present embod-
iment includes the FC blower 4A as the actuator to supply
gas required for power generation at the SOFC 2A to the
SOFC 2A. The temperature sensor 4B detects the tem-
perature of the drive motor to drive the FC blower 4A.
The temperature of the drive motor increases with higher
load on the FC blower 4A, so that the controller 7 is able
to estimate the overloading state of the FC blower 4A.
[0111] The vehicle system 101 may include, as the
sensor to detect the operating state of the FC blower 4A,
a current sensor to detect the magnitude of the current
supplied to the FC blower 4A, for example, instead of the
temperature sensor 4B. In such a configuration, the con-
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troller 7 determines whether the load at the FC blower
4A is excessive or not based on the current detected by
such a current sensor. When the controller 7 determines
that the load is excessive, then the controller 7 discon-
nects the SOFC 2A and the FC blower 4A. This estimates
a failure of the FC blower 4A precisely as compared with
the configuration including the temperature sensor 4B.

(Third embodiment)

[0112] FIG. 7 shows an example of the configuration
of a vehicle system 102 in a third embodiment of the
present invention.
[0113] The vehicle system 102 includes a high-voltage
battery 1A and a low-voltage battery 1B that correspond
to the power storage device 1 in the vehicle system 100
shown in FIG. 1. The other configuration is the same as
in the vehicle system 100, and so the following assigns
the same reference numerals and omits the descriptions.
[0114] As described above referring to FIG. 2, the high-
voltage battery 1A outputs a voltage higher than the out-
put voltage from the fuel cell 2. The high-voltage battery
1A of the present embodiment supplies power to the mo-
tor 12 to drive the vehicle. In one example, the high-volt-
age battery 1A outputs a DC voltage at about 400 V.
[0115] The low-voltage battery 1B outputs a voltage
lower than the output voltage from the high-voltage bat-
tery 1A. In one example, the low-voltage battery 1B out-
puts a voltage at a dozen of V. The low-voltage battery
1B includes a lithium ion battery, a lead battery or the like.
[0116] Unlike the connection shown in FIG. 3, the high-
voltage battery 1A of the present embodiment does not
connect to the auxiliary machine power supplying device
5, and connects to the motor 12 via the inverter 11. The
low-voltage battery 1B connects to the auxiliary machine
power supplying device 5.
[0117] Compared with the configuration to supply pow-
er to both of the FC auxiliary machine 4 and the motor
12 from the single high-voltage battery 1A, this configu-
ration avoids the shortage of supplied power to the FC
auxiliary machine 4 when the requested power from the
motor 12 increases steeply.
[0118] The auxiliary machine power supplying device
5 of the present embodiment includes a diagnostic sen-
sor to diagnose whether the auxiliary machine power
supplying device 5 itself is out of order or not. The con-
troller 7 changes the switch 6 from the disconnection
state to the connection state in accordance with a detec-
tion signal of the diagnostic sensor.
[0119] Examples of the diagnostic sensor include a
sensor to detect a temperature of a semiconductor device
in a DC/DC converter making up the auxiliary machine
power supplying device 5, and a sensor to detect the
current and the voltage on the primary side and the sec-
ondary side. When a detected value of the voltage, the
current, the temperature and the like of the auxiliary ma-
chine power supplying device 5 exceeds a predeter-
mined threshold, the controller 7 determines that the aux-

iliary machine power supplying device 5 is out of order,
and changes the switch 6 from the disconnection state
to the connection state.
[0120] This supplies power from the fuel cell 2 to the
FC auxiliary machine 4, and so the fuel cell 2 does not
need to stop power generation because of a failure of
the auxiliary machine power supplying device 5. This en-
ables continuous power supply from the fuel cell 2 to the
high-voltage battery 1A or the motor 12.
[0121] The power storage device 1 further includes a
sensor to detect the voltage, the current, the temperature
and the like of the low-voltage battery 1B. When the volt-
age, the current, the temperature and the like of the low-
voltage battery 1B exceeds a predetermined threshold,
the controller 7 determines that the low-voltage battery
1B is out of order, and changes the switch 6 from the
disconnection state to the connection state. With this con-
figuration, the fuel cell 2 does not need to stop power
generation because of a failure of the low-voltage battery
1B, and so this enables continuous power supply from
the fuel cell 2 to the high-voltage battery 1A or the motor
12.
[0122] According to the third embodiment of the
present invention, the high-voltage battery 1A connects
to the motor 12, and the low-voltage battery 1B connects
to the auxiliary machine power supplying device 5. This
avoids the shortage of the output power supplied to the
FC auxiliary machine 4 due to a rapid increase in the
requested power from the motor 12.
[0123] The controller 7 of the present embodiment de-
tects the operating state of the auxiliary machine power
supplying device 5 and determines whether the auxiliary
machine power supplying device 5 is out of order or not.
When the controller 7 determines that the auxiliary ma-
chine power supplying device 5 is out of order, the con-
troller 7 connects the fuel cell 2 and the FC auxiliary ma-
chine 4.
[0124] With this configuration, even when the auxiliary
machine power supplying device 5 is out of order, the
fuel cell 2 supplies power to the FC auxiliary machine 4.
The power at the fuel cell 2 therefore can be supplied to
the motor 12 and the high-voltage battery 1A without
stopping power generation at the fuel cell 2.
[0125] The above embodiments of the present inven-
tion are merely a part of examples of the application of
the present invention, and the technical scope of the
present invention is not limited to the specific constitu-
tions of the above embodiments.
[0126] In one example, the second embodiment de-
scribes the example where the blower to supply air to the
fuel cell 2 operates as the FC auxiliary machine 4, and
the present invention is not limited to this configuration.
In another example, the FC auxiliary machine 4 may be
a blower to supply hydrogen or ethanol used for power
generation at the fuel cell. When the fuel cell 2 is a solid
polymer fuel cell, the FC auxiliary machine 4 may be a
pump to supply refrigerant to the fuel cell 2. Such a device
leads to the same advantageous effects as those de-
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scribed in the above embodiments.
[0127] In the above embodiments, the power supply
system described in FIG. 1 is mounted on a vehicle. The
power supply system may be mounted on an airplane or
a ship other than vehicles, or may be mounted on power-
supply facility that is not a movable body.
[0128] The embodiments as stated above may be com-
bined as appropriate.

Claims

1. A power supply system comprising:

a power storage device;
a fuel cell connecting to the power storage de-
vice;
an auxiliary machine of the fuel cell, the auxiliary
machine operating in a range corresponding to
a voltage across the fuel cell;
a voltage converter inserted along a first line be-
tween the fuel cell and the power storage device;
a power supply device for the auxiliary machine
inserted between the voltage converter and the
power storage device, the power supply device
for the auxiliary machine being configured to
supply power from at least one of the fuel cell
and the power storage device to the auxiliary
machine; and
a switch inserted along a second line different
from the first line between the fuel cell and the
auxiliary machine, the switch being configured
to supply power to the auxiliary machine.

2. The power supply system according to claim 1, fur-
ther comprising:

a sensor configured to detect a power-generat-
ing state of the fuel cell; and
a controller configured to control a state of the
switch based on the sensor, wherein
the controller configured to connect or discon-
nects the fuel cell and the auxiliary machine via
the switch in accordance with a detection signal
output from the sensor.

3. The power supply system according to claim 2,
wherein
the sensor detects a voltage or a current of the fuel
cell as the power-generating state, and
when output power from the fuel cell exceeds re-
quested power from the auxiliary machine based on
the voltage or the current detected by the sensor,
the controller configured to connect the fuel cell and
the auxiliary machine.

4. The power supply system according to claim 3,
wherein

when output power from the fuel cell does not exceed
requested power from the auxiliary machine, the
controller configured to disconnect the fuel cell and
the auxiliary machine.

5. The power supply system according to claim 2,
wherein
the sensor detects a temperature of the fuel cell as
the power-generating state, and
when the temperature detected by the sensor is
equal to or larger than a predetermined threshold,
the controller configured to connect the fuel cell and
the auxiliary machine.

6. The power supply system according to claim 5,
wherein
when the temperature detected by the sensor is less
than the predetermined threshold, the controller con-
figured to disconnect the fuel cell and the auxiliary
machine.

7. The power supply system according to claim 2,
wherein
the sensor detects a voltage and a current of the fuel
cell as the power-generating state, and
the controller configured to obtain IV characteristics
of the fuel cell based on the power-generating state
of the fuel cell, and determines whether the IV char-
acteristics are favorable or not relative to predeter-
mined reference characteristics, and when the con-
troller determines the obtained IV characteristics are
favorable, the controller configured to connect the
fuel cell and the auxiliary machine.

8. The power supply system according to claim 7,
wherein
when the controller determines that the obtained IV
characteristics are not favorable relative to the ref-
erence characteristics, the controller configured to
disconnect the fuel cell and the auxiliary machine.

9. The power supply system according to claim 2,
wherein
the sensor detects a voltage of the fuel cell as the
power-generating state, and
when the voltage detected by the sensor is within
the range of the voltage where the auxiliary machine
is operable, the controller configured to connect the
fuel cell and the auxiliary machine.

10. The power supply system according to any one of
claims 1 to 9, wherein
the fuel cell includes a solid oxide fuel cell configured
to receive fuel and generate power, and
and the fuel cell has an upper-limit voltage less than
60 V.

11. The power supply system according to any one of
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claims 2 to 9, wherein
when the fuel cell and the auxiliary machine connect,
the controller configured to lower an output from the
voltage converter so as to keep power output from
the fuel cell constant.

12. The power supply system according to any one of
claims 2 to 9, further comprising
an auxiliary machine sensor configured to detect an
operating state of the auxiliary machine, wherein
the controller configured to disconnect the fuel cell
and the auxiliary machine in accordance with a de-
tection signal output from the auxiliary machine sen-
sor.

13. The power supply system according to claim 12,
wherein
the auxiliary machine sensor detects a temperature
of the auxiliary machine as the operating state, and
the controller determines whether load at the auxil-
iary machine is excessive or not based on the tem-
perature detected by the auxiliary machine sensor,
and when the controller determines that the load is
excessive, the controller configured to disconnect
the fuel cell and the auxiliary machine.

14. The power supply system according to claim 12 or
13, wherein
the auxiliary machine sensor detects a current sup-
plied to the auxiliary machine as the operating state,
and
the controller determines whether load at the auxil-
iary machine is excessive or not based on the current
detected by the auxiliary machine sensor, and when
the controller determines that the load is excessive,
the controller configured to disconnect the fuel cell
and the auxiliary machine.

15. The power supply system according to any one of
claims 12 to 14, wherein
the auxiliary machine includes an actuator config-
ured to supply gas required for power generation to
the fuel cell, and
the auxiliary machine sensor detects an operating
state of a motor to drive the actuator.

16. The power supply system according to any one of
claims 2 to 9, wherein
the power storage device includes a high-voltage
battery configured to output a voltage higher than a
voltage across the fuel cell, and a low-voltage battery
configured to output a voltage lower than the voltage
across the high-voltage battery, and
the high-voltage battery connects to a motor to drive
a vehicle, and the low-voltage battery connects to
the power supply device for the auxiliary machine.

17. The power supply system according to claim 16,

wherein
the controller determines whether the power supply
device for the auxiliary machine is out of order or not,
and when the controller determines that the power
supply device for the auxiliary machine is out of or-
der, the controller configured to connect the fuel cell
and the auxiliary machine.

18. A control method for a power supply system includ-
ing: a power storage device; an auxiliary machine of
a fuel cell, the fuel cell connecting to the power stor-
age device, the auxiliary machine operating in a
range corresponding to a voltage across the fuel cell;
a voltage converter inserted between the fuel cell
and the power storage device; and a power supply
device for the auxiliary machine configured to con-
vert a voltage between the voltage converter and the
power storage device and supply the voltage to the
auxiliary machine, the control method comprising:
connecting the fuel cell and the auxiliary machine to
change power to be supplied from the power supply
device for the auxiliary machine to the auxiliary ma-
chine into power output from the fuel cell.
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